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INTRODUCTION 
Due to the increasing popularity of outdoor cooking of meat , there is 
interest in determining the chemical and physical changes that occur during 
the charcoal broiling process. Of particular interest is the effect of these changes 
upon the quality of the broiled meat . Although broiling is not a new method of 
cooking meat, a review of the literature revealed few reports of scientific work 
on broiled meats . Some work has been done on the e ffect of different cooking 
methods on weight losses, tenderness , palatability , thiamine , protein content, 
but no reports were found relating surface temperature and cooking time to rate 
of heat transfe r and to final internal temperature . Little research has been done 
in this area because there has been no means available for measuring surface 
temperature during broiling. 
The investigation and results reported in this study were made possible 
by the development of an experimental model of a coil type thermometer which 
measures the temperature at the surface of the grill . This thermometer, devel-
oped by the Taylor Instrument Company , and an Electronic Universal Nine Point 
Strip Chart Recorder were used to record temperatures in this study. The ther-
mometer determined the surface temperature of the grill and thermocouples 
attached to the meat and connect ed to the recorder determined the top, internal , 
and bottom temperatures of the samples . 
This preliminary study was conducted on beef using charcoal as the source 
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of heat, since the heat from the charcoal could be controlled at an approximately 
constant temperature. 
Studies by Salvosa (1963) and Irvine (1963) showed the interrelationships 
of surface temperature to cooking time and degree of doneness . One grade 
(Good) Sirloin, two grades (Good and Choice) Porterhouse steaks and ground 
beef patties were broiled in this study. The steaks were cut in two thicknesses , 
1 and 1 1/2 inches, and were broiled at three different cooking temperatures 
(400°, 350°, and 300° Fahrenheit) to three degrees of doneness . 
Statistical analysis using these variables produced a change of only two 
minutes in predicted cooking time . 
The current study , a continuation of the previous studies, was made to 
determine the relationships of surface tempera ture, cooking temperature, cook-
ing time, and degree of doneness, to moisture , protein, and fat content of broiled 
beef. This study also included a compilation of thiamine and soluble protein 
results of the previous studies (Salvosa , 1963; and Irvine , 1963) . 
3 
REVIEW OF LITERATURE 
Moisture 
The presence of moisture in meat before and after broiling has pro-
nounced effects upon the juiciness of the meat . Not only does moisture affect 
the juiciness of meat, but fat and time-temperature relationships in the presence 
of moisture also affect the juiciness . 
Effect of fat 
Numerous studies have been made and many theories postulated as to the 
role fat plays in relation to moisture in meat. However , the trends found by the 
researchers are definite and show a significant correlation . Bard (1961) stated 
that the sum of the moisture and fat content of muscles was nearly constant. 
Othe r suggestions were that the muscles containing large amounts of fat tend 
to yield less press fluid because the fat is more difficult to pre ss from muscles 
than the moisture it has replaced . 
Studies by Wanderstock (1948) and Dawson (1959) on the relation of inter-
muscular fat to the amount of expressible juice showed that the moisture deter-
minations of a sample of ribeye muscle indicated that the fatter the carcass and 
the greater the degree of marbling, the smaller the percentage of express ible 
moisture . 
Ramsbottom (1948) found that muscles varied widely in fat and moisture 
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content. The intercostal muscles located between the ribs had an average fat 
content of 18 percent and a moisture content of 62 percent . On the other hand, 
the muscles located further down the fore shank had less fat but more moisture. 
Dawson (1959) found that little or no Joss of intramuscular fat occurred 
as the internal temperature of the meat increased, but juiciness decreased . 
It was his observation that the factor having the greatest influence on juiciness 
was the moisture in the muscle fiber . 
Wanderstock (1948) noted an inverse relationship between the loss of 
moisture by evaporation and the amount of press fluid . He concluded that beef 
having a higher degree of finish and a lesser amount of express ible juice should 
be juicier when cooked . 
Studies of heat transfer by Siemers (1953) and her co-workers indicated 
that the major part of the }uice retention caused by fat content was due to the 
slower rates of heat transfer in the fat and connective tissue . Juiciness in 
beef was also greatly influenced by the length and temperature of cooking . 
Effect of heat on moisture content 
Since a large percentage of meat is moisture, heat affects the moisture 
content and juiciness of meat after cooking . Hamm (1960), investigating de-
naturation of protein by heat, found that some juice was lost during the cooking 
by a denaturation process. He also concluded that heating of the meat released 
juice, and that the amount of juice in the cooked meat depended on the cooking 
temperature. This loss of jui ce also affected the texture of the meat. 
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Dawson (1959) stated that the most important changes occurring in meat 
during cooking we re loss in weight (chiefly as moisture) and loss of solubility 
of proteins due to heat coagulation. Increased cooking losses accounted for 
decreased juiciness and decreased press fluid . 
A high correlation between the cooking time and cooking losses (Paul et a! . 
1955) indicated that one of the major fa ctors affecting cooking loss was the time 
required to cook the meat . 
Effect of degree of doneness 
Broiling meat t o the three degrees of doneness affected the moisture con-
tent , press fluid, and juiciness of the ste~ks in varying degrees (Salvos a, 1963; 
and Irvine , 1963). Visser et a!. (1960) found that press fluid and total moisture 
decr eased as internal temperature inc reased between 1530 F and 1670 F but 
found no noticeable change between 1360 F and 1530 F. Total cooking losses 
were increased with each increment of increase in internal temperature . Juici-
ness scores and press fluid yields for loin steaks and roasts were signific:1ntly 
higher for the meat cooked to medium (1580 F) than for those cuts cooked to well 
done (176° F). 
In comparing steaks of the same cut , cooked by the same method but to 
different internal temperatures, Cover (1 957) found that losses due to cooking 
were considerably greate r in the more thoroughly cooked meat. The more juicy 
steaks were those cooked for a shorter time with the lower weight loss Gen-
erally, juiciness decreased with increasing degree of doneness whether the me~ t 
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was cooked by braising or broiling . The weight losses of the more thoroughly 
broiled steaks were attributed to evaporation as we ll as to drippings (moisture, 
fat , proteins , and salts) . 
Other findings by Cover (1959) showed that steaks broiled to the rare degree 
of doneness were scored as very juicy, soft , and friable, but when well-done, they 
were "neither juicy nor dry ." As doneness increased, the broiled steaks became 
less juicy and less soft but more friable . 
Effect of moisture and weight loss 
Juiciness scores were more closely correlated to weight loss than to other 
variables. Research findings indicated that the e was a direct correlation between 
moisture and weight loss to the juiciness of the meat. 
Visse r et a!. (1960) found in their studies on moisture that we ight loss was 
negatively correlated to juiciness and to measures of softness for each cut-
temperature combination. Other studies on weight loss by Siemers (1953) 
indicated that total weight loss increased with temperature, length of cooking, 
and fat content . 
When considering moisture loss , Cover (1962) found that the percentage 
moisture loss increased from 1420 F to 1760 F and again from 1760 F to 2120 F . 
She also observed that moisture loss was followed inversely by the juiciness 
scores . Studies and tests showed that moisture loss increased as temperature 
increased. 
The moisture content of meat is composed of free wa ter and bound water. 
Hamm (1960) defined free water as that portion of the total moisture which 
has been released by press ing or heating the meat and bound water as that 
water remaining in the meat. 
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Siemers (1953) in her work found that "bound" water increased with cook-
ing but that the quantity of "bound" water was comparati vely small for either raw 
or cooked beef. She found that the tota l water content for raw semi -membraneous 
beef mus cle was 73.3 percent. 
Asselberg (1961) states that one of the distinctive features of meat was its 
ability to bind water. The amount of bound water was dependent upon the hydration 
of the proteinaceous material. 
Effect of grinding 
Hamm (19 60) did an extensive study on the influence of grinding on the 
water-holding capacity of m eat. He stated that loosening and cutting the muscle 
structure by grinding increased the hydrat ion and thereby contributed to the 
water-holding capacity (WHC) of the meat. He also found that the more intensive 
the grinding the greater was the water-holding capacity of the ground tissue. 
There have been many theories proposed for the greater water-holding 
capacity of meat after grinding, but the one that appears most logical is that of 
increased s urface area An increase in surface area seems to increase the 
swelling capacity and WHC of meat. It has been shown that the fibrillar struc-
ture of mus cle is extensively disintegrated but that the insolubility of the 
structural muscle proteins is maintained . 
Hamm (1960) reported that the water-holding capacity was not correlated 
to the total moisture in meat. This fact has been known for some time and was 
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reconfirmed, as mentioned by Hamm (1960~ by Schon and Scheper who did 
studies on large numbers of hogs, calves, heife rs, oxen, bulls, and cows . 
Factors other than the WHC of muscle tissue may be responsible for the content 
of moisture present in muscle. 
In determining the amount of moisture in ground beef, fat must also be 
considered . Cole (1960), from studies on ground beef, reported that evapor-
ation losses generally decreased with increased fat content. This decrease was 
also evident in the studies on steaks . 
Protein 
Changes in protein and protein structure are mainly that of denaturation . 
Proteins can be denatured by many factors , but the most prevalent denaturing 
agent is heat. 
Effect of heat denaturation on protein 
Neurath (1944) concluded that by far the most familiar denaturing agent 
was heat and that some denaturation took place at any temperature ; also that the 
rate was greatly increased with increased temperature . 
Fox (1957) stated that the rate of most chemical reactions was increased 
by a factor of two or three for a rise in temperature of 10 degrees; the rate of 
denaturation may increase as much as 600- fold . Proteins denatured by heat, as 
by other means, exhibited an enhanced susceptibility to aggregate, depending also 
on other chemical stimulus. 
By Neurath 's (1953) definition, denaturation is a physical or intra-muscular 
rearrangem ent rathe r than a chemical alteration of prote in structure which 
leads to a specific change of spatial configuration without hydrolysis of the 
primary covalent bonds . 
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Giffee et a!. (1960) stated that denaturation could be the rupturing of intra -
and inter-chain hydrogen bond;: thus resulting in the unfolding of peptide chains . 
This type of molecular change resulted in the loss of biological function . Giffee 
also postulated that denaturation ;,.,a s reversible or irreversible, depending upon 
the degree of change produced in the protei!) . 
The temperature a t whi ch denaturation takes place most readily is of utmost 
importance to researchers. Wierbicke et a!.. (1 957) studies showed that protein 
was directly related to the water-holding capacity of the meat and the denaturat ion 
process. The studies by Hamm (1960) showed 34 percent of the muscles' protei ns 
were water-soluble and the r emaining prote ins represented structura l substances. 
Hamm also reported that the total moisture in meat was highly correlated 
with prote in content , but found no corresponding correlation existing between 
wa ter- holding capacity and prote in content. Other workers indicated that increas-
ing moisture-prote in r at io of bee f muscle was directly associated with increasing 
water r etention and that the re was a signifi cant negative correlation between water 
r etention and prote in conten t 
Fox (1957) in his research found that water was essential for the denatur-
ation process . In the anhydrous condition, proteins were fairly stable , but one 
theory was that water was essential to provide mobility and possibly to aid in the 
rupture in the cross- linkages of the hydrogen-bond type between the peptide folds. 
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Effect of protein denaturation on tenderness 
Winegarden (1952) found that denaturation of meat proteins decreased 
tenderness. She and her co-workers found that beef muscles were less tender 
after cooking than when raw. This would suggest that denaturation and coagula-
tion of the fiber protein had occurred and this contributed to the toughness of the 
meat. Even though collagen was softened by heating, it must be emphasized that 
heating also coagulates the muscle proteins and hardens the muscle fibers. These 
factors were all intimately associated with the tenderness of cooked meat. They 
also studied the changes in meat as it cooked . Observing strips of meat , they 
found that the collagen strips shortened in length , decreased in width, and in-
creased in thickness. These factors , in part , may be affected by the collagen 
content of the muscle. 
Effect of denaturation of protein on biological value 
Morgan (1960) found that changes in the biological value of protein decreased 
gradually and progressively with time and temperature of heating. Seegers and 
Mattill (1935) noted that the application of temperatures below 100° C to meats did 
not decrease the nutritive value of protein by any significant amount. If the tem-
perature of the meat exceeded 100° C, the nutritive va lue of the meat was more 
seriously impaired. 
Comparing the difference of protein damage between raw and canned beef, 
Mayfield and Hedrick (1949) fou;>d a defini te damage to the protein in the canned 
beef over the cooked raw sample. Results confirming these findings were observed 
by Krehl and Barboriak (1960). 
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Relation of fat content to tenderness 
The role of fat and its effect on the tenderness of meat is not well under-
stood . Research indicates some correlation yet there are many other factors 
having as much or more influence. 
Ramsbottom (1945) found no significant correlation between the fat content 
and tenderness of cooked beef, and drew the conclusion that variations in tender-
ness were caused by factors other than fat. Factors found to have pronounced 
effect on tenderness included coagulation and denaturation of protein together with 
varying degrees of hardening and shrinkage of the fibers. Grouped together, 
these changes appeared to exert a greater negat ive effect on te nderness than the 
positive effect of partial collagen hydrolys is . 
Ginger (1958) also suggested that factors other than fat had an effect upon 
tenderness. He r findings indicated that tenderness varied among animals , among 
muscles in individual carcasses, and within the muscles themselves. 
Ramsbottom (1948) also stated that the re was more variation in tenderness 
for any given grade of meat than for fat, flavor , texture , aroma, or juiciness. 
Cover (1958) stated that tenderness was one of the most important qualities 
of meat from the consumer's point of view . She also indicated that the causes of 
tenderness or toughness are poorly understood , and no visible characteristics 
are known which can be a completely reliable source as an indicator of the tender-
ness of beef. 
Wang (1954) reported that beef from the unfattened cattle was less tender 
than beef from similar cattle after fattening , which would indicate that fat may 
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be a factor in improving tende rness . 
Cover (1960) defined the fat inte rspersed within the lean as "marbling." 
She regarded marbling as an important indicator of tende rness for the following 
reasons: fat deposited in cells diste nded them and made them more tender; fat 
spread apart the strands of connective tissue between the mus cle fibers and 
between the bundles , making the meat more tender. She also found that the 
tenderness score of the cooked meat correlated with the linear fat, the meat 
with the linear fat was more tender after cooking . Conceivably, then the benficial 
effect of "marbling" of meats may be expla ined on this basis. 
Shoulte and his co-workers in their work on artificial feeding lean animals 
with melted tallow or other edible fats just before slaughter , foLmd that injection 
of fat tended to stimulate marbling of the lean, thereby a tta ining a more tender 
piece of meat from the lean animal . This study indicated that fa t was closely 
r elated to juiciness and tende rness of the beef. 
Re lation of fat content to meat grade 
According to Wellington (1959) , fatness has long been used as a major 
consideration for evaluating live stock; in general , fatter beef are graded higher. 
However , in recent years doubts have been raised in some r esea rch workers' 
minds concerning the popularly accepted belief that more fat , and particularly 
more marbling, is associated with definite superiority in beef tende rness. 
Cover (1960) stated that carcass grade seemed to have little r e lationship 
to tenderness of connective tissue. USDA carcass grades do not identify all of 
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the tender connective tissue successfully . Tn preparing steaks from carca sses 
with low percentage of e ther extract in ribeye, it was found tha t the steaks were 
not only tender, but as t ender as those carcasses with a higher percentage of 
ether extract . 
In plotting tenderness aga inst the grade of beef, Cover (1958) found that 
there was only a slight trend toward greater tenderness in meat from higher 
carcass grades, but it was evident from the findings that tender mea t was not 
confined to carcasses of these grades . 
In considering the diffe r ence in the amount of moisture and protein between 
the prime and commercial grades , Griswold (1955) fow1d that because of the 
highe r fat content of prime meat , it s moisture and protein content were lower 
than that of the commercia l meat . These findmgs were also observed and 
reported by the American Meat In stitute Foundation . 
Effect of fat on juiciness 
Research indicated that fat seemed to have more influence on the jui ciness 
of meat than on tenderness . Cover (1956) , using broiled loin as a test sample, 
found a higher correlation between fatness and juic iness than between fatness 
and tenderness. Although none of the coefficients of correlation were high , all 
were positive; the r e fore, it was probable that fatness measured by e ther ext ra ct 
of ribeye would be associated with juiciness . It is not known why all measures of 
fatness or even measures of marbling were not equally well correlated wi th juic i-
ness and tenderness . 
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Experiments on tender cuts of beef such as roasts and steaks containing 
high percentages of fat have found them to be juicier than the leaner cuts. The 
conclusion that beef with more fat was more juicy would also be in accord with 
many of the studies of press fluid and total water content. 
Siemers (1953) and other workers stated that both the scores for quality 
and quantity of juice were influenced by the amount of intra-muscular fat and the 
fat content of the press fluid. These workers suggested that the lower intra-fat 
meat should yield more press fluid than the higher fat content meat if it were 
cooked with little moisture loss; if the meat were overcooked the reverse would 
be true. Thus, high fat content coupled with low temperature cookery for short 
periods yielded more juicy meat . Hamm (1960) in his stLJdies, also agreed with 
these findings . 
One theory suggested that fat influenced the juiciness of meat because of 
differences in the rate of heat transfer and differences in degree of cooking . 
The fact that te mperature and length of cooking time affected the juiciness of 
beef roasts and steaks has long been established . The heat transfer studies 
showed that probably the major part of the juice retention caused by fat content 
was due to slower rates of heat transfer in the suet and connective tissue . 
Ethe r extract determinations 
Cover (1958) stated that ether extra cts of fatty substances were a chemical 
measure of marbling . The percentage of ether extracted was a major criterion 
in grade determination . 
Marbling as measured by ether extraction ranged from I. 2 to 26 . 9 percent 
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of total sample weight, seemed to affect the meat tenderness . The most tender 
meat came from a carcass with 15. 8 percent ether extracted fat. 
Cover (1956) also suggested that it was very probable that ether extracted 
fat was associated with juiciness and tenderness of the meat . She found that the 
ether extracted fat was the only measure of fatness which was significantly 
associated with tenderness . 
Lowe (1959) found that the ether extracted fat was increased by 35 to 40 
percent in cooked meat as compared to the raw meat. It was presumed that this 
was caused by the infiltration of melted fat from the surface of the muscle during 
cooking. 
By comparing the percentage ether extracted fat with the tenderness scores 
on meats, it would be concluded that fat does have a direct effect on the tender-
ness of meat. A review of the research did not find a close correlation; thus, 
no absolute proof of fat being the main factor in tenderness of meat has been 
determined . 
Relation of grinding of fat and lean 
In testing broiled ground beef, Cole (1960) found that patties with higher 
percentage fat (35 to 45 percent) had higher scores for palatability, juiciness, 
flavor, and tenderness than those with lower percentages of fat (12 to 15 percent). 
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METHOD OF PROCEDURE 
Preliminary Study 
Research was conducted by Sa lvosa (1963) and Irvine (1963) on the effect 
of rate of heat penetration and degree of doneness on certain factors in charcoal 
broiled boneless steaks, steaks containing bone, and on ground beef. 
Sa lvosa in a preliminary study of sources of heat, found that the broiling 
unit of the electric range could not accurately keep a constant temperature. 
Therefore, charcoal was selected as the heat source since through manipulation 
of the charcoal and the grill an approximately constant temperature could be 
maintained. 
Salvosa's study attempted to determine the e ffect of rate of heat pene tra-
tion, degree of doneness , and thickness of boneless steaks (Sirloin) on soluble 
protein, thiamine, weight loss, press fluid , tenderness, and flavor. 
Irvine's study (1963) included a comparison of the above physical and 
chemical tests on boneless steaks with steaks containing bone (Porterhouse) and 
ground beef. The effect of grade was also part of this study. 
This study was an extension of the two previous studies and included the 
total s amples of Salvosa and Irvine. The samples were tested for m oisture , 
total nitrogen, and extracted fat. This study also included a compilation of the 
findings of the two previous studies. 
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Design of the Expe riment 
The purpose of this study was to investigate some factors which determine 
rate of heat penetration; the effect of bone, e ffect of grinding, thickness, grade , 
temperature of cooking, and degree of doneness . 
The relation of the above factors to moisture, total nitrogen, and fat con-
tent of broiled beef was also determine d . 
Top Sirloin steaks were selected for the boneles s meat, Porterhouse for 
the steak with bone . Ground beef was used to study the effect of grinding. 
One inch and 11/2-inch Sirloin and Porterhouse steaks were used to study 
the effect of thickness . Grades USDA Choice and USDA Good were compared in 1-
inch Porterhouse steaks. 
Studies by Salvosa (1963) were used to determine degree of doneness, turn-
ing temperature, and final inte rnal temperature of the meat samples in this study. 
Temper atures for the three degrees of doneness , for t ime of turning and 
for final internal temperature were as follows: 
Temperature 
Degree of done ness Turning Final inte rnal 
Rare 85-90 °F 135 - 140° F 
Medium 95-100° F 155- 160° F 
Well-done 
Rate of heat penetration was varied by using three diffe rent surface temper-
atures--400°, 350°, and 300° F . 
The steaks were broiled out- of- doors on a charcoal grill . The temperature 
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at the surface of the grill was measured by an experimental model of a coil 
type thermometer developed by the Taylor Instrument Company. The temperature 
at the surface of the grill was kept constant by the manipulation of the grill and 
coals. The internal temperature of the meat was recorded by an Electronic Uni-
versal Nine !"oint Strip Chart Recorder . ThermocoLLples were attached at the top , 
inter~al, and bottom temperatures of the meat. The recorder made it possible to 
accurately determine the turning time and final internal temperatures . The 
temperatures were recorded at 3-minute intervals except when determining the 
turning and final internal temperatures when they were read at !-minute interva ls. 
Turning temperatures for the rare sample was 85° F . and final internal 
temperature was 135°to 140° F; the medium turning temperature was 100° F. and 
done temperature 15Sl to160° F; the well-done turning temperature was ll0° F, 
and done temperature 170° F and up. 
Selection of the meat 
The steaks (Sirloin and Porterhouse) were cut to specifications in a local 
market. They were purchased freshly cut the night before or the morning when 
the testing was done. All steaks were stored loosely covered with waxed paper 
in the refrigerator at 40° F . USDA Choice and USDA Good grades were compared 
in the l-inch Porterhouse steaks. 
The supply of ground beef for the study was prepared at one time in order 
to insure a homogeneous sampling of the meat . The ground beef was weighed 
into 114 gram samples and shaped in a hamburger press to a diameter of 10.4 
em. and a uniform thickness of 1 . 4 em . Three patties were used for each sample. 
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Three patties were placed in a weighed pan, covered with Saran wrap and refrig-
erated. A thermocouple was placed in one pattie horizontally to the center. A 
second thermocouple was placed on the grill. The pattie was then laid on the 
thermocouple and a third thermocouple was patted onto the top surface. 
Preparation for cooking 
A raw sample of each steak, approximately 100 grams lean meat, was 
placed in a labeled 250 ml. beaker and covered with Saran wrap and refrigerated 
until the chemical and physical test could be made later in the day. 
The contour fat was measured in four specific areas and recorded . The 
outside fat was scored to prevent curling. The steak was weighed in grams in 
labeled, weighed, aluminum pans. The steaks were covered with Saran wrap 
and refrigerated at 35 to 40° F until cooking time. 
The thermocouples were stitched in with nylon thread, one thermocouple 
centered on top, one inserted in the center of the steak, and one centered on the 
bottom. Pans containing the steaks were placed on crushed ice while sewing the 
thermocouples to maintain the steaks at a constant temperature of approximately 
4QPF. 
The surface temperature of the grill was checked with the coil thermometer 
before placing the steaks on the grill. 
Sam ples 
At the end of the cooking time the steaks were removed from the grill, 
placed in the labeled pan and cut to expose the internal color for a colored 
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photograph· (Salvosa 1963). The steaks were weighed, and sa mples necessary 
for flavor, shear, and press fluid were removed . The remaining portion was 
trimmed of excessive fat and ground, reground, and mixed to obtain a homogenous 
sample for chemical testing. 
Te sts were then conducted to determine the effect of bone, grinding, thick-
ness, grade, cooking temperature , and internal te mperature on moisture , total 
nitrogen, and extracted fat of the meat samples. 
We ight Joss , press fluid , and tenderness as related to these variables were 
a I so investigated. 
Chemical Tests 
Nitrogen 
The Winkler Boric Acid Modification of the Kjeldahl Method was used to 
determine total nitrogen. Duplicate 2-gram meat samples were wra pped in #2 
filter paper and placed in Kjeldahl fl asks. About 8 grams of sodium s ulfate 
copper catalyst were added to each flask with 20 ml,concentrated s ulfuri c acid. 
A blank was run simultaneously with the samples. This mixture was digested 
slowly for 10 minutes and faster for an additional hour until a clear green solu-
tion remained in the flask . 
The flask and solution were allowed to cool , then 200 ml of tap water was 
added to dilute the acid . A few grains of zinc and 75 mL of strong NaOH were 
added to the flask. This solution was allowed to distill (175 ml~ into a distillation 
flask with 50 ml.of 4 percent boric acid into which 2 drops of screened methyl 
red indicator had been added. 
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Sulfuric acid was used to titrate the distillate from a light blue color to 
clear or slightly pink tint. From this the nitrogen in the sample was calculated. 
The factor of 6. 25 was used to convert grams of nitrogen to grams of 
protein. 
Physical Tests 
Moisture 
Duplicate 5-gram samples of both raw and cooked meat were dried in 
individual weighed aluminum pans in the dehydrator at 600to 65o C for 2 hours. 
The samples were then placed in a vacuum oven at 25 mi. of mercury, 9?0 to100° 
C and dried for an additional 5 hours. 
The amount of moisture in the meat sample was determined by subtracting 
the dried sample weight from the moist sample weight and the percentage moisture 
was determined. 
The moisture-free samples were crushed with mortar and pestle, folded in 
weighed #1 filter paper, and reweighed. The paper and moisture-free sample 
were placed in a crucible, then into a fat extraction flask, and petroleum naptho.l 
was allowed to distill over the sample approximately 5 drops per second for 4 hours. 
The samples were again dried for 30 minutes at 105° F, weighed and percent-
age of fat calculated. 
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Other Tests 
Soluble protein 
A 50-gram sample of cooked meat and a 30-gram sample of raw meat 
were used for soluble protein determination by a modification of the Salwin (1954) 
Biuret test for soluble protein . 
Thiamine 
Meat samplel> were tested fluormetrically for thiamine by a modification 
of the Conner-Straub (1949) method for thiamine determination. 
Weight loss 
The percentage of weight loss of the boneless meat was calculated from 
the differences in initial and final weights of meat with the bone weight subtracted. 
Press fluid 
Fifty-gram samples were pressed in a succolometer for 10 minutes at 
2, 500 pounds pressure per square inch . The fluid was collected in a graduate 
cylinder and the total press fluid volume was read to the nearest 0.1 ml . 
Tenderness 
Tenderness values were determined by the Warner-Bratzler shear . One-
inch diameter cores of meat were cut parallel to the fibers in four different places 
and sheared on the Warner-Bratzler shear . Tenderness values were obtained 
for all steak samples. 
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Flavor 
A panel of four judges scored the cooked meat for flavor using the Hedonic 
Scale . The panel scored samples of similar thickness from approximately the 
same position in each sample of meat. The same judges scored throughout the 
study. 
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RESULTS AND DISCUSSION 
Total protein, moisture, and ether extracted fat determinations of the 
raw and cooked meat samples were the basis for this study . The results of 
these tests were calculated on the percentage basis , and the three calculations 
total 100 percent. Figure 1 shows cooked samples contained more fat and protein 
and less moisture than the raw samples . fu compari ng the Good and Choice grades 
of the raw and cooked steaks, there was greater change in the fat , protein and 
moisture of the Choice steaks (Figure 1) . 
It was interesting to note that the total of fat and moisture was a nearly 
constant number . This is in agreement with the findings of Bard (1961) . 
Heat Penetration 
Heat penetration was r elated to cooking temperature , internal temperature , 
grade, thickness of the meat, and grinding. The rate of heat penetration per 
minute was lower as the internal temperature increased . This was evident in 
all cuts and thicknesses of steaks (Table 1). 
Effect of bone 
At the 350° F temperature, the rate of heat penetration in Sirloin (boneless) 
steaks decreased from 7. 6° per minute in steaks cooked rare to 3 . 9° in medium 
and to 5 . 3°when well-done. While in the Porterhouse steaks (bone- in) the rate 
of heat penetration decreased from 7. 6 , to 6.4 , to 4 . 2 per minute , indicating 
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Table 1. Rate of heat penetration per minute at different temperatures and 
degrees of doneness 
Rare Medium Well-done 
Cooking Internal Rate/ Cooking Internal Rate/ Cooking Internal Rate/ 
time temf>. min. time temf> . min . time temf>. min. 
min . F F min . F F min . F F 
Sirloin 1" Good 
400 19 137 7.2 
350 18 138 7.6 38 150 3.9 52 173 3.3 
300 22 139 6.3 
Sirloin 1 1/2" Good 
400 38 136 3.6 
350 31 135 4 . 3 51 158 3 . 0 55 172 3. 1 
300 36 137 3.8 
Porte rhouse 1" Good 
400 17 138 8.1 22 159 7. 2 39 174 4.5 
350 18 137 7.6 25 160 6.4 40 169 4. 2 
300 19 138 7.3 38 157 4 . 1 49 170 3.5 
Porterhouse 1 1/2" Good 
400 30 136 4.5 
35 0 31 135 4.3 51 158 3 . 1 55 172 3.1 
300 36 137 3.8 
Porterhouse 1" Choice 
400 23 135 5.7 33 155 .4. 7 44 170 3 . 9 
350 28 135 4 . 8 33 157 4.7 40 168 4.2 
300 40 136 3.4 45 159 3.5 53 171 3. 2 
Ground beef 
400 12 140 11 . 7 16 156 9. 8 19 174 12 . 4 
350 15 136 9.1 25 157 6.3 25 171 6.8 
300 18 136 7.6 26 157 6.0 37 171 4.6 
Sirloin 1" 
Raw Cooked 
F P M F P M 
Rare :~~ ttl] I ;: --- I 
300 7 20 73 
Ill I 25 I 64 I sl 2s I 67 
s 24 I 6s 
Med. 350 ~ 19 I 76 I 
Well-done 350 L 19 76 I 9 I 32 I 59 l 15 I 32 I 53 
Sirloin 1 1/2" 
Rare 400 
350 
300 
Med. 350 
Well-done 350 
71 20 I 73 l 8 I 20 I 72 I 
6\ 19 I 75 
110 I 26 64 I 
s I 21 65 
\1o I 26 I . 64 -- ----- -] 
l5l 20 I 75- I 
5 20 75 
17 I 28 I 65 I 
12 I 3o I ss 
Figure 1. Percentage of fat, protein, and moisture , raw and cooked in relation to cut 
and temperature--Sirloin, Porterhouse, and ground beef. 
"' 0> 
Porte rho use 1" 
Raw Cooked 
F P M F P M 
Rare 400 ~8 I 20 I 72 I 
359 10 I 22 I 68 
3oo 10 23 I 67 12 I 24 I 
Ill I 25 I :: I 
14 I 24 I 62 
Med, 400, Ill I 20 I 69 - j 
350 10 I 20 I 70 
9 I 21 7o 
116 I 26 I 5s ] 
14 I 25 I 61 
14 26 1 6o 
Well-done 40018 I 21 I 71 --j 
350 ll I 20 I 69 
300 ll 20 69 I :; I i :; 11 I !1 I 
Choice 1" 
Rare ~~~ u~-JR----~~- r 
300 10 16 73 
t i~ I ; ;~ II T~ ----J 
1s 24 I 
35o ;; 21 I 7o Med . 400 r I 20 I 71 -J 
30o J2 l2o I 68 
114 I 27 I 59 I 
15 I 26 59 
19 I 2s 1 56 
35o ll I 21 6s Well-done 400 19 I 19 rr· --72-------~ 
3oo 13 I 19 ~ 68 
25 1 31 I 44 
1181 30 I 52 I 
20 I 29 I 51 
Figure 1 (cont'd.) "" ...., 
Porterhouse 1 1/ 2" 
Raw 
F P M 
Rare 400 
350 
300 
8 I 20 I 72 113 I 19 I 68 I 
9 I 20 I 71 
Choice w~D 350 13 I 20 I 67 Med . 350 17 [ 20 I 73 I 
Good W-D 350 8 J 21 I 71 
Ground beef 
Rare 400 I 21 !lB : 61 I 35o 24 I 18 I 58 
300 21 18 61 
Med . 400 I i; : lS~- - 61 -~ ~~~ 24 I 1~: I 6518 
Well-done 400 I 21 : 18 : 61 I ~~~ ;; I ~: I ~~ 
Cooked 
F P M 
12 1 23 1 65 
I 20 I 25 I 55 I 
13 I 25 I 62 
ll12- { 18 34 r -~5 6 44 I 
16 29 I 55 
I 18 I 26 I 56 ~ 
19 I 23 I 58 
I 19 1- 24 J 57 I 
I 18 I 27 I 55 I 
19 I 28 I 53 
19 26 I 55 
211 28 I 51 ,-19 : 31 I 50 I 
19 31 1 5o 
"' 00 
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that except for the steaks cooked rare, the rate of heat penetration per minute 
was slower in the steaks containing bone. 
Heat penetration rate also decreased as the cooking temperature decreased. 
Effect of thickness 
The thicker steaks showed slower heat penetration, will ie ground beef 
had higher rates of heat penetration than the l-inch steaks . 
Effect of grade 
Grade comparisons were made in the l - inch Porterhouse steaks, Good 
and Choice. 
The Choice grade of meat had a slower rate of heat penetration than the 
Good grade. This was probably due t<? increased fat content. The rate of hea t 
penetration per minute of the Good grade Porterhouse steaks cooked rare at 3 
different temperatures was 8.1, 7. 6, and 7. 3, while the Choice grade was 
5. 7 , 4. 8 , and 3. 4 . The same trend was noticed in the medium and well-done 
steaks. 
Total Nitrogen 
The Kjeldahl method was used to determine the total nitrogen of the meat 
samples . The protein content of the raw meat was slightly ltigher in the Good 
grade steaks than in the Choice grade steaks . The raw ground beef contained 
less protein than the Sirloin and Porterhouse (Table 15). 
The differences of total nitrogen of the raw and cooked samples are shown 
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in Tables 2 and 14. This difference varied from 2. 33 percent in the Porter-
house steaks cooked well-done at 400° F to 0 . 03 percent in the 3500rare Sirloin 
l-inch steaks. It was evident from the study that there was a cha nge in the total 
nitrogen content but no definite trend was indi cated . This change in total nitrogen 
could be due to a difference in the liberation of amino nitrogen. 
In her research on m eats, Ginger eta!. (1958) found that broiling resulted 
in the liberation of some amino nitrogen. This change or destruction of anii no 
acids also observed by Shroeder (1962) and Rice (1953) could easily be one of the 
reasons for change of protein in the cooked meat . 
Results of the total nitrogen in the Choice steaks were inconsistent, prob-
ably due to the higher fat content (Table 15). 
In steaks cooked rare and medium, there was s lightly more protein in the 
Good grade steaks than in the Choice grade, while in the we 11-done samples, the 
reverse was true--there was more protein in the Choice grade steaks . 
Moisture 
Moisture retention in cooked beef seems to be related to many factors, three 
of the most important being degree of doneness, cooking temperature, and weight 
loss. 
Degree of doneness 
There was a negative correlation between the amow1t of moisture r etained 
and the degree of doneness of the steaks . All steaks and groW1d beef cooked to 
the medium and well-done temperatures had les s moisture r etention than did the 
rare samples (Table 3). 
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Table 2. Summary of the change in total nitrogen in raw and cooked 
samples 
Rare Medium Well-done 
1" Sirloin 
400 1. 04 
350 0 . 03 0.05 0.60 
300 0.47 
11/2" Sirloin 
400 1. 75 
350 0 . 72 0 . 34 0 . 02 
300 0.98 
1" Porterhouse 
400 0. 65 0 . 11 2. 33 
350 2. 07 0 . 17 0 . 53 
300 0. 84 0 . 04 0 . 38 
Ground beef 
400 0 . 16 0.02 0 . 36 
350 2.24 2 . 13 1. 88 
300 0.12 0 . 91 0.73 
Table 3. Weight loss, moisture retention, and press fluid 
Rare Medium Well-done 
Weight Moisture Press Weight Moi sture Press Weight Moisture Press 
Time loss retention fluid Time loss retention fluid Time loss retention fluid 
min. % % ml min. % % ml min . % % ml 
Sirloin 1" Good 
400 19 31 59 8.6 
350 18 23 64 9.8 38 30 57 4 52 43 50 2 
300 22 23 62 7.5 
1 1/2" Good 
400 22 30 60 6.7 
350 27 24 63 9.2 45 33 60 6 51 39 58 3 
300 36 27 62 7.1 
Porterhouse 1" Good 
400 17 29 86 9.2 22 32 84 8.2 39 61 66 1.9 
350 18 22 87 9.2 23 30 84 10.0 40 36 82 2.0 
300 19 18 89 10.8 38 27 84 9.9 49 36 79 5.0 
1 1/2" Good 
400 30 31 83 6. 1 
350 31 21 88 9.9 51 36 78 5.4 55 40 76 1.5 
300 36 20 89 12.6 
1" Choice 
400 23 24 84 8.5 33 32 81 6.9 44 43 72 3.4 
350 29 22 89 9.7 33 30 82 7.0 40 47 64 2.7 
300 40 28 88 9.0 45 32 79 4.7 53 39 77 3.5 
Ground beef 
400 12 35 91 0.0 16 33 91 0. 0 19 48 79 0.0 
350 18 27 96 0. 2 25 42 88 0. 0 25 42 96 0.1 w 
"" 300 18 27 95 0.2 26 36 89 0.1 37 45 81 0.0 
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In the l-inch Good grade Porterhouse steaks cooked to the three degrees 
of doneness at the cooking temperature of 400° F, moisture retention was 86 
percent rare, 84 percent medium, and 66 percent well-done; at 3500 F moisture 
retention was 87, 84, and 82 percent; at 300° F, 89, 84, and 79 percent. All 
steaks and ground beef followed the similar pattern . 
Sirloin steaks cooked at 350°had lower moisture retention at all degrees 
of doneness than the Porterhouse steaks and ground beef with one exception 
(Table 3 and Figure 2). 
Statistical analysis showed a negative correlation between degree of done-
ness and moisture from -. 41 in Sirloin to-. 81 in Choice Porterhouse. 
Cover (1957, 1960, 1962), Visser(1960) , and Dawson (1959) in their studies 
found that for steaks of the same cut, cooked by the same m ethod but to different 
degrees of doneness, the cooking losses were considerably greater in the more 
thoroughly cooked meat. 
There was least variation in the moisture loss in the samples cooked to 
the medium degree of doneness and most variation in those cooked to the well-
done stage (Table 4). 
Cooking temperature 
Figure 2 shows that moisture retention was related to cooking temperature. 
The 3000 temperature resulted in greater moisture retention than the 350° and 400° 
cooking temperatures . 
A negative correlation between moisture retention and cooking temperature 
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Figure 2 . Moisture retention in relation to cooking temperature . 
internal temperature, cut , grade, thickness , and grinding. 
Table 4. Percentage moisture variation compared to degree of doneness 
Sirloin 
1" Good 
1 1/2" Good 
P orterhouse 
1" Good 
1 1/2" Good 
-1" Choice 
Ground beef 
Rare 
5 
3 
3 
6 
5 
5 
Medium Well-done 
0 16 
3 13 
2 7 
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was found: - . 82 in Good grade Porterhouse, - . 51 in Choice Porterhouse, and 
-. 43 in the ground beef. 
Results indicated that time had little effect upon moisture retention. Even 
though the grades, time , and thickness varied in the rare Porterhouse steaks, 
the variation in moisture retention was only 6 percent (T able 3). 
The Good grade Porterhous e steaks cooked medium had a var iation of 16 
minutes in cooking time, yet the percentage moisture retention was the same 
(84 percent). 1n the Choice grade Porterhouse steaks, the time varied 12 minutes 
and the moisture variation was 5 percent . 
Moisture retention was more variable in the well-done steaks . 
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Grade 
Porterhouse steaks retained more moisture than the Sirloin s teaks regard-
less of the grade . When comparing the ChOice and Good Porterhouse steaks, 
diffe r ences in the moisture retention were small except for the Choi ce well-done 
steak. The well-done Porterhouse steaks lost m ore moisture than any other 
(Table 4 and Figure 2). 
Ground beef 
The m oisture retenti on in the ground beef was generally ltigher than in 
all of the steaks tested (Table 4) . Hamm (1960) explained that the greater 
moisture r etention of ground beef was due to the grinding process which increased 
the surface area , thereby incr eas ing the swelling and water - holdi ng capacity of 
the muscle fibers and connective tissue. 
Weight Loss 
Effect of cooking temperature 
We ight Joss was directly related to cooking temperature. The highest 
cooking temperature gave greater weight loss (Table 3) . For example, in the 
l-inch Si r loin steak cooked rare at 400°, 350°, and 300°, the weight losses we r e 
31, 23, and 23 percent; in the Porterhouse steak at the three temperatures, 
29, 22, and 18 percent; ground beef at the three temperatures , 35, 27, and 27 
percent . The thi cker cuts and those cooked to medium and well- done followed 
a similar pattern . 
Similar relationships were shown in the studies of Cover (1957), Hamm (1960), 
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and Wierbicki and Deatherage (1958) . Weight loss is closely correlated with 
degree of doneness at the three cooking temperatures in all steaks and in ground 
beef. As the final internal temperature increases, weight loss also increases 
(Table 3). These findings are in agreement with those of a number of other 
investigators (Cover , 1957, 1959; Dawson, 1959; Paul and Bratzler, 1955; and 
Visser, 1960). 
In general there was an inverse r e lationship between loss of moisture 
and press fluid (Table 3) . Wanderstock's studies (1948) also showed this 
relationship. 
Press Fluid 
The range of volume press fluid in the steaks cooked rare at the 35 0° 
cooking temperature varied only 0. 7 m1, 9 . 87 to 9 . 2 (Table 5); at the 400° 
temperature the variation was 3 . 1.; and at 300° temperature was 5. 5 mi. In 
most samples, press fluid decreased as internal temperatures increased . 
Table 5. Effe ct of temperature and degree of doneness on press fluid 
Rare Medium Well-done 
400 350 300 400 350 300 400 350 300 
Sirloin 
1" Good 8 . 6 9.8 7 5 4.0 2 . 0 
1 1/2" Good 6.7 9.2 7. 1 6 . 0 3 . 0 
Porterhouse 
1" Good 9 . 2 9.2 10 . 6 8 . 2 10. 0 9 . 9 1.9 2 . 0 5.0 
·Y1/2" Good 6 . 1 9. 9 12 . 6 5 . 4 1.5 
1" Choice 8 . 5 9 . 7 9 . 0 6 . 9 7 .0 4.7 3 . 4 2 . 7 3.5 
There was practically no press fluid in the cooked ground beef. This 
was apparently due to the loosening of the protein structure in the grinding 
process . 
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In the lite rature , Hamm (1960) pointed out that the grinding process of 
meat increased the water-holding capacity (WHC) due to an increase in surface 
area whi ch seemed to increase the swelling capacity . 
Fat 
Degree of doneness 
The percentage of extra cted fat in all thicknesses of Porterhouse steaks 
and ground beef was directly related to internal temperature . The highest per-
centage was observed in the well - done samples (Figure 3) . 
The coeffi cient of corre lati on between fat and degree of doneness was . 71 
in Si r loin, . 34 in Choice grade P orterhouse, and . 55 in Good grade Porterhouse . 
The l -inch Good grade Porterhouse steaks cooked we ll- done , medium, and 
rare at the 300° temperature had percentage fat extract of 17 , 14, and 14, respec-
tive ly . The Choice well-done steak had 20 percent fat extract, medium had 19 
percent, and rare 16 percent. Comparing the difference between the Good grade 
and Choice grade , it was evident from the fat extract results that the Choice 
grade had more fat present in the meat than did the Good grade. 
Grade 
Tenderness scores showed little corre lat ion to grade . One of the factors 
determining USDA grades is based on finish , yet the fatter beef are generally 
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Figure 3. Percentage extracted fat in cooked samples in relation 
to cooking temperature, cut, grade, and grinding 
39 
I I 
I 
I I I 
I I 
I I I 
I I I I I 
I I I 
I 
I I I 
I I 
I 
I 
I 
! 
I 
I 
I 
I 
I 
I 
I 
; 
300 0 
40 
graded higher . USDA grades do not identify connective tissue. Cover's 
studies (1960) indicated that carcass grades had little relationship to connective 
tissue . Results of these studies denoted that tenderness was not confined to car-
casses of higher grades . 
The cooking time was slower and more variable in Choice than in Good 
grade steaks (Table 6) . One-inch Porterhouse steaks cooked rare at 400°, 350°, 
and 3(}()0 took 17 , 18, and 19 minutes , a variation of 2 minutes between cooking 
temperatures . While Choice l-inch Porterhouse cooked at three different 
temperatures took 23 , 29, and 40 minutes , a variation of 17 minutes , the cook-
ing time in the Choice was slower than in the Good grade , probably due to higher 
fat . 
Cooking temperature 
Petroleum ether extract from the l-inch Sirloin increased in the raw to 
the cooked from 14 percent in the rare to 200 percent in the well-done samples. 
Greater differences between the raw and cooked ether extracts of fat were 
observed in the well-done steaks (Table 6) . 
There was an increase in ether extracted fat from rare to medium to 
well-done in both thicknesses of Sirloin cooked rare at 3500 F cooking temper-
ature . The increase in ether extract between the raw and the cooked was 14, 
60, and 200 percent. In the 1 1/2-inch Sirloin the increase in steaks cooked 
rare was 14, 40, medium, 140 well - done . Porter:house steaks in both thick-
nesses and grades followed a similar trend . 
The 3500cooking temperature resulted in less increase between the raw 
Table 6. Relation of fat extract to cooking temperature and degree of doneness 
1" Sirloin 1 1/2" Sirloin 1" Porterhouse 1 1/2" Porterhouse 
Extracted fat Extracted fat Extracted fat Extracted fat 
In- In- In- In-
Time Raw Cooked crease Time Raw Cooked crease Time Raw Cooked crease Time Raw Cooked crease 
min . gm/100g % min. gm/100g % 
Rar~ 
400 19 7 11 57.1 22 8 10 25 . 0 
350 18 7 8 14 . 2 27 7 8 14 . 2 
300 22 7 8 14 . 2 36 6 10 67 . 0 
Medium 
400 
350 38 5 8 60.0 45 5 7 40 . 0 
300 
Well-done 
400 
350 52 5 15 200 . 0 51 5 12 140 . 0 
300 
min. gm/100g % 
17 8 11 37 . 5 
18 10 12 20.0 
19 10 14 40 . 0 
22 11 16 45.0 
23 10 14 40 . 0 
38 9 14 55 . 5 
39 8 19 13 . 8 
40 11 16 45.0 
49 11 17 55 . 0 
min. gm/100g 
30 13 20 
31 8 12 
36 9 13 
51 7 16 
55 8 16 
% 
53.8 
50.0 
45. 0 
28 . 0 
100.0 
... 
.... 
Table 6 (continued) 
1" Choice Porterhouse 
Extracted fat 
Time Raw Cooked Increase 
min . gm/ 100g % 
Rare 
400 23 10 17 70.0 
350 29 9 13 44.4 
300 40 11 16 45 . 4 
Medium 
400 33 9 14 46 
350 33 9 15 67 
300 45 12 19 58 
Well-done 
400 44 9 18 100.0 
350 40 11 25 127~3 
300 53 13 20 54 
Ground beef 
Extracted fat 
Time Raw Cooked 
min . gm/ 100g 
12 21 18 
18 24 19 
18 21 19 
16 21 18 
25 24 19 
26 21 19 
19 21 19 
25 24 21 
37 21 19 
Decrease 
gm 
14 
21 
9.5 
14 
21 
9. 5 
9. 5 
12 . 5 
9.5 
..,. 
"" 
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and cooked fat extractions than the 400° and 300° temperatures, except in the 
Choice steaks . 
The pattern of the extracts between the raw and cooked ground beef showed 
decreased percentage fat at the three cooking temperatures, the opposite results 
of those shown in the steaks. The 350° temperature resulted in greater decreases 
between the raw and cooked fat extractions than the 400-o and 300° temperatures. 
An interesting finding was that in the ground beef cooked at the 350° tem-
perature, the percentage decrease between the raw and cooked fat extracts, 
regardless of degree of doneness , fat retention was the same--9 . 5 percent. 
Tenderness scores indicated that low ether extract steaks were as tender 
as those with higher ether extract. Cover 's studies (1958) denoted similar 
findings. 
There was a low positive correlation between fat and moisture . 
Results indicated that fat has more influence on juiciness than on tender-
ness of meat. Cover (195 6) stated that , "It is not known why all measures of 
marbling are not associated with juiciness and tenderness . " The influence 
fat has upon tenderness , moisture content, and flavor of meat is highly contro-
versial. Researchers have placed emphasis on the relation of fat to tenderness, 
yet the causes of tenderness and toughness are poorly understood . 
Wang (1954) reported that the relationship of fat to tenderness is contro-
versial and not clearly understood . Wellington (1959) questioned the popularly 
accepted belief that tenderness is associated with fat . A review of literature 
indicated no proof that fat was the main factor in determining tenderness of meat . 
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Other Tests 
Thiamine retention 
Thiamine was determined by the method developed by Conner and Straub 
(1949). 
Time . Thiamine retention was correlated with time. Internal temper-
ature had more effect upon thiamine retention than did cooking temperature, 
hence the longer cooking time consistently resulted in less thiamine retention. 
For example (Table 8), l-inch Porterhouse Good grade steaks cooked to the 
three degrees of doneness at 400° temperature retained 4 . 4, 3. 54, and 1 . 23 
milligrams of thiamine per 100 grams of meat; at the 350° temperature, 4. 0, 
3 . 44 , and 1. 80; at the 300° temperature, 4 . 1, 1. 89 , and 1. 57 milligrams. This 
agrees with the findings of Beadle et a!. (1943) who reported that, at any temper-
ature, the rate and extent of thiamine destruction were related to time of heating 
or cooking . 
The thicker samples lost slightly more thiamine at all cooking temperatures 
and degrees _of done ness than the thinner samples (Table 7) . These results were 
similar to those of Mickelsen et a!. (1939b) , Cover et a!. (1944) and Tucker et a!. 
(1946) who noted that thiamine retention was related to stage of doneness. 
In general, Porterhouse Choice grade lost more thiamine than did the 
Porterhouse Good grade . This might be related to a difference in fat content. 
Ground beef retained more thiamine than the Sirloin and Porterhouse 
steaks in all degrees of doneness and cooking temperature , probably due to a 
shorter cooking time . 
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Table 7. Percentage of thiamine and moisture retention compared to internal 
temperature, cooking temperature, cut, grade, and grinding 
Rare Medium Well-done 
Min. % retention Min. % retention Min. '&retention 
Thiamine Mois- Thiamine Mois- Thiamine Mois-
ture ture ture 
1 11 Sirloin , Good 
400° 19 55 59. 3 
350° 18 70.1 64 38 48.7 57 52 40 49.6 
300° 22 56 . 8 62 
1 1/2 11 Sirloin ,Good 
400° 22 60.7 60 
350° 27 70 . 8 63 . 4 45 51. 4 60.4 51 42.1 57.9 
300° 36 59.9 62 . 3 
1 11 Porterhouse, Good 
400° 17 74.57 86 22 77.57 84 39 47.98 66 
350° 18 71.91 87 25 86.30 84 40 71.60 82 
300° 19 77.67 89 38 71. 85 84 49 76.50 79 
1 1/2 11 Porterhouse, Good 
400° 30 76.70 83 
350° 31 71.67 88 51 78 . 28 78 55 71. 82 76 
300° 36 92.31 89 
1 11 Porterhouse , Choice 
400° 23 90.22 84 33 68 . 85 81 44 60.95 72 
350° 29 86.25 89 32 75.05 82 40 47 . 46 64 
300° 40 85.68 88 45 63.70 79 53 69.13 77 
Ground beef 
400° 12 69 .8 0 91 16 67 . 29 91 19 46.16 79 
350° 18 93 . 06 96 25 87.48 88 25 81. 11 86 
300° 18 91.01 95 26 80 . 02 89 39 59. 01 81 
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Table 8. Thiamine retention per mi.nute in relation to degree of doneness , 
cooking te mperature, cut , thi ckness, grade, and grinding 
Rare Medium Well-done 
Reten- Reten- Reten-
Time tion Mg loss Time tion Mg loss Time tion Mg loss 
mg/ 100g . Per min. mg/ 100g per min . mg/100g per min . 
Sirloin - 1 11 Good 
400° 19 55 2 .9 
350° 18 70 3 .9 38 48 . 7 1.3 52 40 0 .8 
300° 22 57 2 . 5 
Sirloin - 1 1/2 11 Good 
400° 22 61 2.8 
350° 27 71 2 .6 45 51.4 1.14 51 43 0.8 
300° 36 60 1.7 
Porterhouse- 1" Good 
400° 17 75 4 . 4 22 78 3 . 54 39 48 1. 23 
350° 18 72 4 . 0 25 86 3 . 44 40 72 1. 80 
300° 19 78 4.1 38 72 1. 89 49 77 1. 57 
Porterhouse 1 1 / 2" Good 
400° 30 77 2.56 
350° 31 72 2 . 32 51 78 1. 53 55 72 1.31 
300° 36 92 2.55 
Porterhouse - 1" Choice 
400° 23 90 3 . 91 33 69 2 . 09 44 61 1. 38 
350° 29 86 2 . 96 32 75 2 . 34 40 48 1. 20 
300° 40 85 2 . 15 45 64 1.42 53 69 1. 30 
Ground beef 
400° 12 70 5 . 83 16 67 4 . 19 19 46 2 . 42 
350° 18 93 5 . 16 25 88 3.52 25 81 3 . 24 
300° 18 91 5 . 05 26 80 3 . 07 37 59 1.59 
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At the 350° cooking temperature, thiamine retention was higher in ground 
beef at all temperatures , in Sirloin l l/2 inches cooked rare, P orterhouse both 
Good and Choice grades cooked to medium degree of doneness, and in the Porter-
house l -inch Good cooked to well-done (Table 8 and Figure 4). Mayfield and 
Medrick (1949) , Farrer (1 955), Cover and Smith (1956) , Noble and Gomez (1960), 
and Lushbough et al. (1960) found higher cooking temperature , internal temperature , 
and longer time increased the destruction of thiamine . 
Soluble protein 
Denaturation of change of protein is brought about in many ways, yet this 
phenomenon is not clearly understood. Great variation in results have been 
reported. 
Soluble protein retention was directly related to degree of doneness . As 
the interna I temperature increased, the soluble protein retention decreased. 
For instance, Sirloin l-inch steaks cooked at the 350° temperature to rare, 
medium, and well-done retained 61. 7, 42 . 8, and 28 . 4 percent soluble protein. 
All steaks and ground beef followed this similar pattern (Table 9) . This finding 
confirmed the results of Morgan (1934), Mitchell (1949), and Bramblett (1959) . 
Bramblett (1959) indicated that both time and temperature affected the rate of 
heat penetration , 
It was interesting to note that in all the steaks cooked rare, the soluble 
protein retention was practically the same at the 400° and 300° cooking temper-
ature. This indicated that low temperature and longer time, or high temperature 
and shorter time, gave approximately the same protein retention. There was 
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Figure 4. Thiamine retention in relation to cut, grade, grinding, cooking 
temperature, and internal temperature. 
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Table 9. Soluble protein in relation to cooking temperature and degree of 
doneness 
Rare Medium Well - done 
Sirloin- 1" Good 
400° 55.3 
350° 61.7 42 . 8 28 . 4 
300° 59.8 
Sirloin - 1 1/2" Good 
400° 60 . 7 
350° 70 . 8 38 . 7 28 . 1 
300° 59 . 9 
Porterhouse - 1" Good 
400° 38.2 48.0 14 . 5 
350° 61.7 41.7 37 . 0 
300° 38 . 4 66.1 22 . 6 
Porterhouse - 1" Choice 
400° 67 . 7 21.4 24 . 4 
350° 63 . 0 47 . 5 19 . 1 
300° 67 . 2 32 . 0 9 . 8 
Porterhouse - 1 1/2" Good 
400° 50 . 4 
350° 69 .9 28 . 2 21.2 
300° 50 . 4 
Ground beef 
400° 57.0 52 . 6 18.6 
350° 59 . 4 44 . 4 33 . 7 
300° 60 . 9 71.0 69 . 1 
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higher protein retention at the 350° temperature. 
Time was a factor in protein retention as shown in Table 10. With shorter 
cooking time, there was higher soluble protein retention per minute . All steaks 
cooked rare, which was shorter time, retained more soluble protein than those 
cooked at a longer time to medium and well - done stages. This agreed with the 
findings of Mitchell et a!. (1949) and Rice and Beuk (1953) who found that the 
effect of heat on food proteins depended not only upon the intensity but also upon 
the duration of the heat treatment. 
Moisture, thiamine, and protein retention 
Thiamine retention was greater in the Sirloin 1 and I 1/2·-inch steaks at the 
4000 temperature than was moisture and soluble protein. This was the trend 
at all temperatures except in the l-inch Sirloin at 350° temperature . 
In the Porterhouse 1 and 1 1/2-inch steaks, there was higher moisture 
retention at all temperatures except in the Porterhouse 1 1/2-inch at 300° tem-
perature. The Porterhouse l-inch steaks cooked at the 400° temperature, had 
less thiamine retention than any of the steaks . Yet at the 350° temperature , 
more thiami1,1e was retained than at any other cooking temperature . In the 
Porterhouse Choice l-inch steaks, the thiamine and moisture were interchange-
able between cooking temperatures. There was more thiamine than moisture at 
the 400° temperature, and more moisture retention than protein at the 350° 
temperature . 
Soluble protein retention was decidedly lower than thiamine and moisture. 
This was evident in both the Sirloin and the Porterhouse steaks . In most meat 
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Table 10. Soluble protein retention per minute compared to cut, thickness , 
grade, and grinding 
Rare Medium Well-done 
Time Retention Time Retention Time Retention 
min. % %/min. min . % %/min. min . % %/min . 
Sirloin - 1" Good 
400° 19 53 2.78 
350° 18 62 3.44 38 57 1. 50 52 28 1. 86 
300° 22 60 2. 73 
Sirloin- 1 1/2" Good 
400° 22 27 1. 22 
350° 27 44 1. 62 45 39 1.15 51 28 1. 82 
300° 36 30 1. 20 
Porterhouse - 1" Good 
400° 17 38 2 . 23 22 48 2.18 39 14 2. 79 
350° 18 62 3.44 25 42 1. 68 40 37 1. 08 
300° 19 38 2. 00 38 66 1. 74 49 23 2. 13 
Porterhouse - 1 1/2" Good 
400° 30 50 1 . 66 
350° 31 70 2. 25 51 28 1. 82 55 21 2 . 62 
300° 36 50 1. 39 
Porterhouse - 1" Choice 
400° 23 68 2. 96 33 21 0 . 63 44 24 0.55 
350° 29 63 2.17 32 47 1. 47 40 19 0.48 
300° 40 67 1.68 45 22 0 . 49 53 10 0 . 19 
Ground bee f 
400° 12 57 4. 75 16 53 3 . 31 19 19 1.0 
350° 15 59 3.93 25 44 1. 76 25 34 1. 36 
300° 18 61 3.38 26 71 2 . 73 37 69 1. 86 
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samples, soluble protein retention at the well-done degree of doneness had 
the lowest retention. 
Results indicated that ground beef had a decided break between the 
moisture and the thiamine, and the thiamine and soluble protein, especially at 
the 400° cooking temperature. Ground beef retained m ore moisture than thiamine 
and soluble protein. The greatest retention in th iamine , moisture, and soluble 
protein was in the rare meat samples followed by medium and well-done . This 
would indicate that there was a correlation between retention and internal 
temperature. 
At the 350o cooking temperature, there was a definite higher retention of 
moisture , thiamine, and soluble protein than at the 400° and 300° temperatures . 
At the 3500 temperature the thiamine retention in Sirloin steaks cooked to 
medium and well-done was markedly lower than the Porterhouse steaks of the 
same grade except 3500 rare (Figure 4) . 
In both thicknesses of Sirloin steak and in the l - inch Choice steak and 
ground beef, thiamine retention decreased as the degree of doneness increased. 
For exa mple , the l-inch Choice cooked at 400° to the three degrees of doneness, 
thiamine retention was 90 , 69, and 61; at the 350° temperature, 86, 75 , and 48 
(Table 8 and Figure 5). Statisti cal analysis s howed a significant negative cor-
relation between thiamine and degree of doneness, ranging from -0 . 59 in 
ground beef to -0 . 61 in Porte rhouse . 
Thiamine was more related to degree of doneness than to cooking temper-
ature . 
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SUMMARY 
The purpose of this study was to investigate some factors which determine 
rate of heat penetration : the effect of bone, effect of grinding, thickness, grade, 
temperature of cooking , and degree of doneness . Two thicknesses of steak, l-inch 
and 11/2-inch, and two grades (Choice and Good) were cooked at three temperatures, 
400° F , 350°F, and 300°F, to three degrees of doneness, rare, (135- 140), medium 
(155-160) , and well-done (170+ ). 
The relation of the above factors to total nitrogen, moisture and fat content 
of broiled beef was also determined . This study included a compilation of the find-
ings of Salvosa (1963) and Irvine (1963) which included soluble protein, thiamine, 
weight Joss , press fluid, tenderness, and flavor . 
Test Results 
Effect of heat penetration 
Rate of heat penetration was defined in degrees temperature per minute . 
Rate of heat penetration decreased as internal and cooking temperature decrea sed. 
Thicker steaks had slower heat penetration than thinner steaks . Choice 
grade had slower rate of heat penetration than Good grade . 
Effect of bone 
The rate of heat penetration per minute was slower in the steaks containing 
bone . The results of this study also pointed out that steak samples containing bone 
had greater moisture retention and higher percentage ether extracted fat in both 
Good and Choice grade steaks and at all degrees of doneness. 
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Effect of grinding 
There was a decrease of total protein and extracted fat in the cooked 
ground beef when compared to the raw. Raw ground beef contained less protein 
than raw steaks. On the other hand, greater moisture retention was obtained 
in ground beef than steaks. This greater moisture retention was apparently 
due to the loosening of the protein structure in the grinding process , thus in-
creasing the water-holding capacity of the meat . There was practically no 
press fluid in ground beef. Ground beef retained more thiamine than the steaks 
at all degrees of doneness and cooking temperature which was probably due to 
the shorter cooking time. 
Effect of thickness 
Thicker steaks showed' slower rate of heat penetration . Moisture reten-
tion in relation to thickness showed the thicker boneless steaks retaining more 
moisture. Thicke·r samples retained' more thiamine at all cooking temperatures 
and degrees of doneness . 
The extracted fat was not directly related to thickness . 
Effect of grade 
Choice grade of meat had slower rate of heat penetration than the Good 
grade. Cooking time was also slower and more variable in the Choice grade 
steaks. 
The protein content of the raw meat was slightly higher in the Good grade 
steaks than in the Choice grades. In the steaks cooked rare and medium, there 
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was slightly more protein in the Good grade steaks than in the Choice, while 
in the well-done samples, the reverse was trrre. Results of the total nitrogen 
in the Choice steaks were inconsistent, probably drre to the higher fat content. 
Tenderness scores showed no correlation to grade . 
Steaks with bone-in retained more moistrrre than the boneless steaks 
regardless of the grade. There were slight variations in the moisture retention 
of Choice and Good steaks cooked to rare and medirrm. Moisture retention in the 
well-done steaks was more variable . 
There was greater ether extract of fat in both raw and cooked Choice 
steaks than in the Good steaks . 
Effect of cooking temperature 
Heat penetration rate decreased as the cooking temperature decreased . 
The cooking temperature affected the total nitrogen of the steaks, but the 
results were not consistent. 
There was a negative correlation between moisture retention and cooking 
temperature . Moisture retention and weight loss were directly related to cook-
ing temperature . Higher temperature resulted in greater loss . The 300° temp-
erature retained greater moisture than the 350° and 400° temperatures. 
The 350° cooking temperature resulted in less increase between the raw 
and the cooked fat extractions than the 400° and 300° temperatures, except in 
the Choice steaks . Greater differences occurred between the raw and cooked 
ether extracted fats in the steaks cooked well - done than those cooked rare and 
medium. The pattern of fat extracts between the raw and cooked ground beef 
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showed decreased percentage fat at the three cooking temperatures. At the 
350° cooking temperature, there was higher retention of moisture, thiamine, 
and soluble protein than at the 400° and 300° temperatures. 
Degree of doneness 
The rate of heat penetration per minute was lower as the internal temper-
ature increased. There was a negative correlation between degree of doneness 
and moisture. 
It was found that all steaks and ground beef cooked to the medium and 
well-done degree of doneness had less moisture and soluble protein retention 
than did the rare samples . Shorter cooking time was directly related to soluble 
protein retention. Soluble protein was correlated to degree of doneness. Bone-
less steaks cooked at the 350° temperature had less moisture retention at all 
degrees of doneness than the bone-in steaks and ground beef samples. There 
was least variation in the moisture content of samples cooked medium and 
most variation in the well-done samples . 
The percentage of ether extracted fat in both thicknesses of bone-in steaks 
and ground beef was directly related to internal temperature. The highest per-
centage was observed in the well-done samples . 
Final internal temperature had more effect on thiamine and soluble 
protein retention than did cooking temperature . Longer cooking time resulted 
in less thiamine. 
Weight loss and press fluid closely correlated to degree of doneness . As 
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the final internal temperature increased, weight loss also increased . 
Statistical analys is 
With three variables , thi ckness, cooking temperature, and inte rnal 
temperature , R2 was 0 . 64 , §.was 10 . 35. Adding five other variables, raw 
weight, shear force, press fluid , soluble protein, and thiamine to the formula, 
R2 was increased to 0 . 79, §. was 8 . 24, and the variat ion in cooking time was 
decreased e ight minutes . Adding three other variables, raw weight, moisture , 
and fat to this equation reduced the cooking time only one minute. 
T hi s was a preliminary study in which certain t r ends wer e indicated . Fur-
ther research is necessary with larger number of samples to confirm the findings 
of this study. 
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Table 11. Average cooking time for the steaks and ground beef 
Cooking temperatures 
300° F 350° F 400° F 
Sirloin 1" (Good Grade) 
Rare 15 11 12 
Medium 
Well-done 
Porterhouse 1" (Good Grade) 
Rare 19 18 17 
Medium 38 25 22 
Well-done 49 40 39 
Porterhouse 1" (Choice Grade) 
Rare 40 28 22 
Medium 35 33 33 
Well-done 53 40 44 
Porterhouse 1 1/2" (Good Grade) 
Rare 40 29 33 
Medium 53 
Well-done 54 
Sirloin 1 1/2" (Choice Grade) 
Rare 37 27 22 
Medium 43 
Well-done 51 
Ground beef 
Rare 18 15 12 
Medium 26 25 16 
Well-done 37 25 19 
a As cooking temperature increased , cooking time decreased; as degree of done-
ness increased, cooking time increased . 
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APPENDIX 
Table 12. 1nfluence of cooking temperature and time on weight loss, press fluid , shear force and flavor rare , 
medium, and well-done in sirloin steaks 
Cooking Internal Weight of Weight of Weight loss Press Shear 
time tem12erature raw meat cooked meat grams ~rcent fluid force Flavor 
min. F gm gm ml lb . 
Rare 
1" Sirloin 
4000 12 137 442 304 138 31.2 8.6 20.8 7.2 
350° 11 138 461 356 105 22 .8 9.8 19.1 7.3 
300° 15 139 410 315 95 23 .2 7.5 18 . 8 6.8 
1 1/2" Sirloin 
400° 22 138 685 477 208 30 . 4 6.7 20.1 7 . 3 
350° 27 139 609 465 430 23.6 9.2 22.8 7.7 
300° 36 140 720 527 193 26 .8 7.1 23.1 6.8 
2" Sirloin 
400° 33 136 1021 725 296 29 . 0 11 . 0 18 . 1 6.3 
350° 43 141 954 640 314 32 . 9 10.1 18 .5 7 . 4 
300° 61 136 1037 771 266 25 . 6 8.0 21.7 6 . 8 
Medium 
1" Sirloin 
350° 38 150 474 333 141 29 . 8 4 . 0 20 . 8 7 . 5 
1 1/ 2" Sirloin 
350° 45 150 722 482 235 32 . 6 5.9 21.3 7. 7 
2" Sirloin 
350° 44 152 941 638 303 32 . 2 6 . 8 24 . 5 7 . 3 
Well-done 
1" Sirloin 
350° 52 173 464 264 200 43.1 2 . 0 24.9 6.1 
..., 
.... 
1 1/2" Sirloin 
350 51 172 767 471 296 38 . 6 3.0 29.2 7.2 
Table 12. (continued) 
Cooking Internal Weight of Weight of Weight loss Press Shear Palata-
time temperature raw meat cooked meat grams pe rcent fluid force bility 
min. F gm gm ml. lb. 
Porterhouse - Rare 
l-inch Good 
400° 39 
350° 40 
300° 49 
1 1/2" Good 
400° 
350° 55 
300° 
l-inch Choice 
400° 44 
350° 40 
300° 53 
Ground beef 
400° 
350° 
3000 
19 
25 
37 
174 
169 
170 
172 
170 
168 
171 
174 
171 
171 
591 
520 
550 
635 
444 
504 
556 
342 
342 
342 
330 
356 
331 
416 
275 
288 
367 
178 
197 
188 
262 
164 
176 
221 
169 
217 
189 
164 
145 
154 
51 
36 
35 
40 
43 
47 
39 
48 
42 
45 
1. 90 
2.00 
4.95 
1. 50 
3 . 43 
2. 67 
3.53 
0.0 
0.13 
0.0 
24.81 
17 . 88 
18.00 
22.03 
19 . 06 
19 . 53 
26 . 99 
6. 58 
6.00 
7.25 
7 . 25 
6.33 
7.17 
7 .17 
6 . 92 
7.17 
6.83 
__, 
"" 
Table 12 . (continued) 
Cooking Internal Weight of Weight of 
time tem~rature raw meat cooked meat 
min . F gm. gm . 
Por terhouse - Medium 
l - inch Good 
400° 22 159 524 376 
-:350° 25 160 512 383 
300° 38 157 511 396 
1 1/ 2" Good 
4000 
350° 51 158 813 556 
300° 
l -inch Choice 
400° 33 155 449 320 
350° 33 157 509 380 
300° 45 159 495 357 
Ground beef 
400° 16 156 342 223 
350° 25 157 342 197 
300° 26 157 342 220 
Weight loss Press 
grams ~rcent fluid 
ml. 
148 32 8.2 
130 30 10.0 
118 27 9.9 
257 36 5 . 4 
109 32 6. 87 
130 30 7. 00 
138 32 4 . 70 
119 35 0. 0 
145 42 0. 0 
122 36 0. 06 
Shear 
force 
lb . 
19. 74 
19.85 
21.63 
23 . 36 
17.49 
18 . 92 
24 . 13 
Palata-
bility 
7.00 
6.83 
7.30 
7. 25 
7.00 
7. 25 
7.50 
5 . 83 
7.33 
6. 58 
..., 
"' 
Table 12 . (continued) 
Cooking Internal Weight of 
t im e temiJ<erature raw m eat 
min . F gm . 
Porterhouse - Well-done 
l-inch Good 
400° 17 138 464 
3500'" . 18 137 508 
300° 19 138 500 
1 1/ 2" Good 
400° 30 136 798 
350° 31 135 765 
300° 36 137 714 
l-inch Choice 
400° 22.5 135 547 
350° 28 135 539 
300° 40 136 626 
Ground beef 
400 12 140 342 
350 15 136 342 
300 18 136 342 
Weight of Weight loss 
cooked meat grams Qercent 
gm. 
346 118 29 
413 94 22 
428 72 17 
590 207 31 
630 135 21 
570 123 20 
430 117 24 
434 105 22 
467 159 28 
221 121 35 
250 92 27 
249 93 27 
Press Shear 
fluid force 
ml . lb . 
9 . 2 19 . 00 
9.2 17 . 00 
10 .57 24 . 76 
6.03 17 .77 
9.87 15.89 
12 . 51 14 .82 
8.48 22 . 10 
9.74 22.17 
9.0 19.39 
0.0 
0 . 23 -
0 . 17 -
P alata-
bility 
7.00 
6 . 75 
5.92 
7.89 
6.42 
7. 22 
7.25 
7 . 00 
6 . 94 
5 . 92 
6.06 
4 . 75 
..., 
, 
Table 13. Influence of cooking temperature and time on soluble protein, thiamine, and moisture in 
sirloin steaks 
Soluble Erotein Thiamine (dry non-fat) Percent moisture 
Time Raw Cooked Retention Raw Cooked Retention Raw Cooked Retention 
min . mg. N/gm. percent mg ./100 gm. percent 
Rare 
1" Sirloin 
400° F 12 . 4015 . 2131 53.1 . 9456 . 5232 55.3 72 .51 59.27 
350° F 11 . 3830 .2339 61.7 . 9399 . 6585 70.06 72.55 63.92 
300° F 15 . 4217 . 2522 72 . 3 . 9231 . 5242 56.79 72 . 23 61.99 
1 1/2" Sirloin 
400° F 22 . 4814 . 1307 27.2 1. 0750 . 6522 60 . 7 72.03 60.03 
350° F 27 . 4112 .1790 43.5 . 9642 . 6827 70.8 71.32 63.37 
300° F 
... 
36 . 3299 . 0987 29.9 1. 1571 . 6931 9 . 9 72.60 62.31 
2" Sirloin 
400° F 33 . 4990 .1352 27 . 1 1.1107 . 5680 51.1 73 . 10 62 . 63 
35 0° F 43 . 4589 .1901 67 . 4 1.1148 . 7508 67.4 71 . 07 62 .87 
300° F 61 . 4959 . 1147 58 . 7 1. 2101 . 7108 58.7 72.07 59 .31 
Medium 
1" Sirloin 
350° F 38 . 3905 . 1670 42.8 . 9178 . 4470 48 . 7 73.41 56.99 
· 1' 1/2.., Sirloin 
350° F 45 . 7716 .2986 38.7 . 9955 .5014 51.4 72.33 60 . 44 
2" Sirloin 
350° F 44 . 4182 . 1545 36.9 1. 0162 . 4993 49.1 74.15 62.66 
Well-done 
1" Sirloin ..., 
350° F 52 . 5126 .1453 28.4 . 9676 . 3870 40 . 0 73.02 49.63 <» 
1 1/2" Sirloin 
350° F 51 . 5099 .1418 28.1 1.1120 . 4684 42.3 74 .03 27 . 92 
Table 13 . (continued) 
Soluble erotein 
Time Raw Cooked Retention 
min . mg.N/ gm. percent 
P or terhouse - Rare 
l - inch Good 
400° 17 . 3271 . 1242 38 
350° 18 .2036 .1251 62 
300° 19 .3831 .1472 38 
1 1/2" Good 
400° 30 . 1950 . 0974 50 
350° 31 . 1975 . 1380 70 
300° 36 . 1899 . 0958 50 
l-inch Choice 
400° 22 . 1602 . 1093 68 
350° 28 . 1412 . 0892 63 
300° 40 . 1410 . 0944 67 
Ground beef 
400° 12 .1998 . 1139 57 
350° 15 . 2370 . 1408 59 
300° 18 . 1626 . 0990 61 
Thiamine (dry non-fat) 
Raw Cooked Rete ntion 
mg ./100 gm. percent 
.5604 .4178 75 
.5265 . 4170 80 
. 5995 . 4656 78 
. 6431 . 4936 77 
. 6663 . 4777 72 
. 583,1 .5384 92 
. 5179 . 425 8 85 
.4915 . 4268 86 
. 5600 .4794 86 
. 6410 . 4474 70 
. 5087 . 4734 93 
. 6386 .5785 91 
Percent moisture 
Raw Cooked Retention 
71 61 86 
72 63 87 
69 62 89 
66 55 83 
70 61 88 
68 60 89 
69 58 84 
69 61 89 
68 60 88 
59 54 91 
59 56 96 
61 58 95 
"" 
"' 
Table 13. (continued) 
Soluble Erotein 
Ti m e Cooked Raw Retention 
min . mg.N/gm. percent 
Porte rhouse - Medium 
l-inch Good 
400° 22 .1083 . 2340 48 
350° 25 . 095 9 . 2312 42 
300° 38 .1245 . 1920 66 
1 1/2 " Good 
400° 
350° 51 . 0832 . 2953 28 
300° 
l-inch Choice 
400° 33 . 1009 . 4499 21 
350° 33 . 1249 .2642 47 
300° 35 . 0709 . 3246 22 
Ground beef 
400° 16 . 1052 .1998 53 
350° 25 . 1053 .2370 44 
300° 26 . 1155 . 1626 71 
Thiamine (d!:l': non-fat) Percent moisture 
Cooked Raw Retention Cooked Raw Retention 
mg. / 100 gm. percent 
. 4083 . 5210 78 57 68 84 
. 3640 . 4190 86 61 72 84 
. 4039 .5604 72 59 70 84 
. 3195 . 4080 78 56 72 78 
. 4466 . 6520 69 58 71 81 
. 4063 . 5434 75 57 70 82 
.3654 .5749 64 54 68 79 
. 43 13 . 6410 67 54 59 91 
. 4450 . 5087 87 51 59 88 
.5081 . 6386 80 54 61 89 
"" 
"" 
Table 13. (continued) 
Soluble [>rotein 
Time Cooked Raw Retention 
min. mg.N/ gm. percent 
P orternouse -Well-done 
l-inch Good 
400° 39 . 0550 . 3768 14 
350° 40 . 0620 . 1675 37 
300° 49 . 0464 .2036 23 
11/2 " Good 
400° 
350° 55 .0587 .2789 21 
300° 
l-inch Choice 
400° 44 . 0853 . 3589 24 
350° 40 . 0355 . 1873 19 
300° 53 . 0355 . 3640 10 
Ground beef 
400° 19 .0370 .1998 19 
350° 25 . 0797 . 2370 34 
300° 37 . 1124 . 1626 69 
Thiamine {d!):: non-fat) 
Cooked Raw Retention 
mg . / 100 gm. percent 
. 2544 .5307 48 
. 3677 . 5178 72 
. 3203 . 4188 77 
. 3244 . 4492 72 
.3680 . 6094 61 
. 2585 .5461 47 
. 3706 .5358 69 
.29 59 . 6410 46 
.4126 .5087 81 
.3777 . 6386 59 
Percent moisture 
Cooked Raw Retention 
47 72 66 
56 68 82 
54 68 79 
53 70 76 
50 69 72 
43 68 64 
51 67 77 
47 59 79 
50 59 86 
49 61 81 
""' 00 
Table 14. Influence of cooking temperature and time on fat extraction, total nitrogen, and total 
protein 
Fat extraction Total nitrogen Total protein 
Time Raw Cooked Raw Cooked Raw Cooked 
min. gm/100 gm. 
Rare 
gm/100 gm. gm/100 gm. 
Sirloin l" 
400° F 12 6. 72 10.93 3.273 4.223 20.984 24.816 
350° F 11 6. 93 8.39 3. 251 4.079 20 . 325 25.1097 
300° F 15 6. 51 8.16 3.22 3. 881 20 . 203 23.653 
Sirloin 1 1/2" 
400° F 22 8.35 9.57 3 . 272 4.161 19.5634 26.009 
350° F 27 7.16 8.19 3.149 4. 362 19 . 687 26.709 
300° F 36 6.10 9.78 3. 070 4.222 19. 1915 26. 3843 
----Sirloin 2" 
400° F 33 6. 55 8.95 5.082 6. 38 21. 073 26.5854 
350° F 43 7.33 7.92 3.016 4. 305 18.8473 26.9062 
300° F 61 5. 79 10.49 3 . 241 4.356 20 . 256'1 27.2271 
Medium 
Sirloin 1" 
350° F 38 5.20 8. 69 3.103 5. 055 19.394 31. 6396 
Sirloin 1 1/2" 
350° F 45 5 . 26 6.68 3.260 4.543 20 . 2180 28.3937 
Sirloin 2" 
350° F 44 5.39 6.95 3.15 4 . 459 19 . 6875 27.8687 
Well-done 
Sirloin 1" _, 
"' 350° F 52 5.85 14.37 3. 0583 4 . 7550 19.1144 29.7318 
Sirloig1 1/2" 
4. 47 11.76 3. 895 19.8520 30 . 3929 350 F 51 3.176 
Table 14. (continued) 
---
Fat extraction Total nitrogen Total protein 
Time Raw Cooked Raw Cooked Raw Cooked 
min. gm/100 gm. gm/100 gm. gm/100 gm. 
Porterhouse 1" Good 
Rare 
400° 17 7.82 11.40 3.231 4.050 20.1929 25.3531 
350° 18 10.28 12.19 3.482 3 . 842 21. 7636 24.0149 
300° 19 9.59 13.98 3. 627 3.836 22.6687 23.7986 
Medium 
400° 22 11.07 15.54 3 . 230 4.230 20.1930 26. 3900 
350° 25 9.68 14.13 3.295 3.973 20.5937 24.8323 
300° 38 8.74 14.21 3.292 4.167 20.3800 26.0483 
Well-done 
400° 39 7.71 18.90 3 .57 9 5.0982 20 . 669 31.8448 
350° 40 10 . 76 15.72 3. 2498 4.277 20 . 3113 26 . 7269 
300° 49 10 . 89 16.64 3. 2133 4 . 3610 20 . 0831 27 . 2848 
Porterhouse 1" Choice 
Rare 
400° 22.5 9.73 16.78 3.310 3.1980 19 . 5182 19.9848 
350° 23 8. 97 13.37 3.104 3.287 19 . 3952 20 . 5443 
300° 40 11.25 16 . 37 2 . 598 3.825 16.2265 23.9123 
Medium 
400° 33 8.79 14.40 3 . 218 4 . 497 20 . 0791 26.7635 
350° 33 8.75 15.09 3.305 4. 263 20 . 5658 25.5923 
300° 35 11.65 18.62 3. 702 3. 912 19.5158 24.4500 
Well- done 
400° 44 8.79 18.01 3. 066 4.786 19.163 29.9135 
350° 40 10.99 24.80 3.282 4.951 20.588 30.9458 00 0 
300° 53 13.22 20.13 3.113 4. 607 19.4568 29.0699 
Table 14 (continued) 
= 
Fat extraction Total nitrogen Total protein 
Time Raw Cooked Raw Cooked Raw Cooked 
min . gm/ 100 gm. gm/ 100 gm. gm/ 100 gm. 
Porterhouse 1 1/ 2" Good 
Rare 
400° 30 12.79 19.91 3 .. 134 3. 950 18. 5895 24.7000 
350° 31 7.86 11 . 49 3.237 3. 753 20. 2375 23.4339 
300° 36 9 . 40 13.03 3 . 296 3.936 19.600 24 . 5989 
Medium 
350° 51 6.56 16.02 3.2145 4 . 4328 20.0903 27. 7052 
Porterhouse 1" Choice 
Well-done 
350° 99 12.90 21.90 3.202 5.466 20. 0156 34 . 1562 
Porterhouse 1" Good 
Well-done 
350° 55 8 . 18 16.07 3.5797 4 . 5701 20 . 6942 29 . 0455 
Ground beef 
Rare 
400° 12 21.35 18.30 2. 9189 4 . 1311 18 . 2491 25 . 8198 
350° 15 23 . 95 10.56 2.9552 3. 6905 18 . 4702 23 . 0656 
300° 18 20 .85 18 . 52 2 . 9128 3. 8005 18 . 2049 23 . 7724 
Medium 
400° 16 21.35 18.05 2 . 9189 4.2653 18.2491 26 . 6596 
350° 25 23.95 19.08 2.9552 4.4352 18 . 4702 27.7200 
300° 26 20 .85 19 . 08 2 . 9128 4 . 1217 18 . 2049 25 . 7608 
Well-done 
400° 19 21.35 19 . 43 2 . 9189 5. 0336 18 . 2491 31. 3236 00 350° 18 .4702 28 . 0292 ..... 25 23.95 20.70 2 . 9552 4 . 5153 
300° 37 20.85 19.07 2.9128 4.9442 18 . 2049 30.9015 
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Table 15. Effect of difference between total nitrogen in raw and cooked samples 
on dry defatted bas is 
Raw Cooked 
Dry defatted solids Total nitrogen N N 
Raw Cooked Raw Cooked Dry solids Dry solids Change 
gm. gm. gm. gm. % % % 
Sirloin 1" 
400 Rare 
18 21.08 27.85 3.444 3.678 16.33 13. 20 
21 20.65 26.96 3. 245 3.906 15 . 71 14 . 48 
44 21.03 28.89 3. 222 4. 025 15 . 32 13.93 
35 19 . 47 28.77 2 . 936 4.223 14.07 14.67 
38 22.95 33.28 3. 265 5 . 061 14. 22 15.20 
15.33 14.29 1. 04 
350 
19 21.50 24.36 3. 323 3. 685 15 . 45 15. 12 
45 22.36 29.43 3. 279 4 . 322 14.66 14.68 
39 22.22 29.15 3. 272 4 . 189 14.72 14.37 
36 24.98 28.08 3.265 3.853 13.55 13.72 
22 21.67 29.54 3.118 4 . 344 14.38 14.70 
14.55 14 . 51 0. 03 
300 
37 21.30 35. 32 3.321 3. 881 15 . 59 10 98 
47 20 . 60 21. Ol 3 . 220 4 . 539 15.63 21. 60 
40 21.52 29 . 66 3. 239 3. 311 15.05 11.16 
55 21. 72. 26. 82 3.199 3.794 14.72 14.14 
20 22. 48 25.55 3.216 3. 881 14.30 15.18 
15. 06 14.61 0.47 
350 Medium 
46 21.26 35.99 3.103 5 . 257 14. 59 14.60 
50 21.24 34.99 3. 175 5 . 068 14. 94 14.48 
51 21.29 33.99 3.031 4.841 14. 23 14.24 
14.59 14.44 0.05 
350 Well-done 
54 20.66 34 . 99 3. 255 5 . 148 15 . 75 14. 71 
57 20.62 32.76 3.192 4 . 910 15.48 14.98 
64 2! .21 31 . 22 3.129 5.38!i 14. 75 14.47 
15.32 14 . 72 0.60 
Sirloin 1 1/2" 
400 Rare 
10 21.79 29.98 3 . 117 3. 951 14 . 30 13. 17 
13 21.39 32.14 3 . 181 4 . 371 14.94 13.59 
16 20.80 29.68 3.517 4 . 161 16 . 90 14 . 01 
15.34 13 . 59 1. 75 
83 
Table 15. (continued) 
Raw Cooked 
Dry defatted solids Total nitrogen N N 
Raw Cooked Raw Cooked Dry solids Dry solids Change 
gm. gm. gm. gm. % % % 
Sirloin 1 1/2" (cont'd) 
350b 
8 22.62 29.05 3.125 3.748 13.81 12.90 
11 22.51 30.03 3.262 3.895 14.49 12.97 
17 21.95 28.50 3.062 4.042 13.94 14.18 
14.08 13 36 0.72 
300° 
9 21.49 27.82 3 . 276 4 . 074 15.24 14.64 
12 21.34 40 . 03 3.178 4. 571 14 . 89 11.41 
15 22.02 29.52 2 . 758 4. 021 12.52 13.62 
14.20 13.22 0.98 
350° Medium 
41 21.56 32.13 3.236 4 . 609 15. 01 14 .. 34 
42 21.63 32.54 3. 220 4.784 14.88 14.70 
43 21.50 33.25 3.108 4.753 14.45 14.29 
14.78 14.44 0.34 
350° Well-done 
59 20.87 34.92 3.206 5 . 131 15.36 14.69 
58 20.87 29.46 3.157 4.567 15.12 15.50 
60 21.56 34.27 3.164 4.988 14.67 14.55 
14.91 0. 02 
Porterhouse 1" 
400° Rare 
Hl5 20.52 25.18 3.132 3. 872 15.26 15 . 38 
107 21.27 29.52 3.280 4.154 15.42 14.07 
108 21.27 27.63 3.280 4.136 15.40 14.69 
15.36 14.71 0. 65 
350° 
192 21.50 26.24 3 . 209 3.747 14.93 14.28 
85 18.57 24.19 3. 712 3.909 19 .99 15.52 
~ 18 .57 25.02 3. 712 3. 966 19.99 15.85 
87 21.32 22.82 3.295 3.747 15.45 16 . 41 
17.59 15.52 0. 07 
3000 
116 21.36 26.09 3. 627 3.846 16.92 14 .24 
117 21.36 23.51 3, 627 3.796 16.92 16 .15 
118 21.36 22 .28 3. 627 3.867 16.92 17,'36 
16.92 16 .08 0.84 
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Table 15. (cont inued) 
Raw Cooked 
D!):: defatted solids Total nitrogen N N 
Raw Cooked Raw Cooked Dry solids Dry solids Change 
gm. gm. gm. gm % % % 
Porterhouse 1" (cont 'd.) 
4000 Medium 
106 20.52 25 48 3.132 4 . 150 15 . 26 16.29 
109 21.40 31.35 3.259 4 . 673 15 . 23 14 . 90 
110 21.40 27 . 96 3.259 4 . 355 15.23 15 . 58 
186 20.89 26.95 3.251 4 . 100 15 .56 15 . 21 
187 20 . 89 24 . 27 3. 251 3. 858 15 . 56 15 . 82 
15 . 34 15 .23 0. 11 
350° 
88 21.32 24.99 3.295 3.761 15 . 42 15 . 05 
89 21.29 25 . 36 3.295 3 .88 0 15 . 48 15 . 30 
90 21.29 25 . 73 3. 295 4 . 000 15 . 48 15 . 54 
21.30 25.24 15.46 15.29 0.17 
300° 
119 22.87 26.45 3 . 436 3. 959 15 . 02 14 . 96 
123 20.24 27.98 3.160 4.383 15 . 61 15 . 66 
184 21.49 28.48 3.287 4 . 164 15.30 14 . 62 
185 21.49 26 . 31 3.287 4.164 15 .30 15 . 82 
15 . 30 15 . 26 0. 04 
400° WeM-done 
111 21.09 31.40 3.605 4 .800 17 . 09 15.28 
112 21.09 37 . 22 3. 605 5.500 17 . 09 14 .77 
113 19.82 33.41 3 . 528 4.984 17 . 80 14 . 96 
17 . 33 15 . 00 2 . 33 
350° 
122 20.24 29.19 3.160 4 . 249 15 . 61 14 . 56 
190 21.11 28 .35 3 . 294 4.355 15 . 51 15.36 
191 21.12 27.50 3. 294 4. 227 15 . 60 15 . 21 
15.57 15 .04 0.53 
3000 
124 20 . 53 29 . 96 3. 110 4. 164 15 . 15 13.90 
125 20 . 53 27 . 38 3.110 4 . 616 15. 15 16 . 86 
126 20 . 77 30.80 3 . 315 4 .545 15.96 14 . 76 
127 20 . 77 27 . 22 3.315 4 . 128 15 .96 15 . 16 
15 . 55 15 . 17 0.38 
Ground beef 
400° Rare 
153 19 . 27 26.40 2 . 918 3. 980 15 . 14 15.07 
154 19 .26 29.13 2. 918 4 . 376 15 . 15 15 . 02 

Table 15. (continued) 
Dry defatted solids 
Raw Cooked 
gm. gm. 
Ground beef (cont'd.) 
300° 
149 18. 04 30.98 
150 18 . 04 28.86 
151 18.04 34.60 
Raw Cooked 
Total nitrogen N _N"'---
Raw Cooked Dry solids Dry solids 
gm. gm. % % 
2.912 4. 857 16.14 15 . 67 
2.912 4 . 503 16.14 15 . 60 
2.912 5.472 16.14 15.81 
16.14 15.69 
86 
Change 
% 
0.73 
The following analysis shows the R2 and residual value of the different 
cuts. 
1. As related to--thickness, thickness2 , cooking temperature, cooking 
temperature2, internal temperature, internal temperature2, cooking 
temperature x internal temperature, raw weight, percent moisture, 
percent fat (T, T2, CT, CT2, IT, IT2, C xI, R, Moisture, Fat). 
2. A reduced model of number 1 with percent moisture and percent fat 
taken out (T, T2, CT, CT2, IT, IT2, C x T, Raw). 
_B._ Residual value 
(1) Good - without bone .690 98.57 
(2) Good - without bone .599 120.80 
(1) Good - with bone . 758 60 . 02 
(2) Good - with bone .754 57.76 
(1) Choice -with bone . 476 136.87 
(2) Choice - with bone . 391 146 . 66 
(1) Ground beef . 828 15 .29 
(2) Ground beef . 825 14.11 
The R values and the residual values were also determined on differ-
87 
ent type of meats, the x values being thickness, thickness2, cooking temperature , 
cooking temperature2, internal temperature , internal temperature2, cooking 
x internal (temperatures), A weight, percent moisture, percent fat (T, T2 , CT , 
CT2, IT, IT2, C xI, A weight, percent moisture , percent fat), and they values 
being: A thiamine, b soluble protein, A fat, A total nitrogen, L> percent 
moisture. 
In the choice grade steaks and ground beef, the equation is: cooking 
temperature, cooking temperature2, internal temperature, internal temperature2, 
cooking temperature x internal temperature, .t::.. weight, A moisture, A fat 
(CT, CT2, IT, IT2 , C xI, A weight, b. moisture, ,b. fat). 
Table 16 . R2 and residual values of thiamine, soluble protein, fat, total nitrogen, and percent 
moisture 
A Thiamine 
..C.Soluble erote in A Fat tXI"otal nitrogen A % Moisture 
Ril R. v. R2 R V. R2 R .V. R2 R .V. R2 R V. 
Good - without bone .606 66.87 . 741 66.89 .744 12 .57 .530 171 .82 . 837 22.64 
Good - with bone . 465 97 . 42 . 515 97.07 . 625 13.80 . 661 60.03 . 721 17 .29 
Choice - with bone . 791 69.00 . 813 134. 38 . 732 47.80 .551 490.89 . 832 17.90 
Ground beef . 879 47.28 . 745 118 .70 . 738 12.80 . 902 42.91 . 953 2.89 
CX> 
CX> 
Statistical Analyses 
When the first three variables, i.e., thickness, cooking temperature , 
and internal temperature, were compared to cooking time in the formula 
1, 12 , 2, 22, 3, 32, lx2, lx3 , 
R2 = 0.64 ~ = 10.35 
The variation in cooking time was 10 minutes ; 64 percent of the total 
variation was accounted for by the mathematical equation while 36 percent 
was due to unknown factors. 
89 
By adding five other variables , namely, raw weight , shear force, press 
fluid, soluble proteins (raw), and thiamine (raw), to the formula 1 , 12, 2, 22, 
3 , 32, 1 X 2, 1 X 3, 4, 6, 7, 9, ll, 
R2 = 0.79 S = 8.24 
The variation in cooking time was decreased 8 minutes , 79 percent of 
this variation was due to the mathematical equation. 
Adding three other variables, raw weight , moisture, and fat , to this 
e quation reduced the time one minute. 
